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Hundred Year Motion of the Geomagnetic Field for the 1960 - 1965 Period.

Preface

' The goal of this work is to present the distribﬁtion of hundred
year variations on the Earth's surface as close to the actual ones as
possible. The results are given in the form of isoperiodic maps,
.value tables of average yearly magnetic element changes for the five
year period, 1960 - 1965; also provided are coefficient tables taken
‘from the isoperiodic charts obtained by a spherically harmonious
analysis method. This data may be utilized with the compdsition of
magnetic charts for the presentation of magnetic observation results
to thé general period and for the development of basic pfinciples of
magnetic field change of the Earth.

Even though the amount of information necessary to obtéin'hundred
year variations is becoming more plentiful, accompanied by an increase
in quality, nevertheless, it is still insufficient in terms of accurate
isoperiodic chart compilation. The results remain schematic omes.
Therefore, we found it expedient to utilize two methods of isoperiodic
chart compilation--graphic and analytic.

At IZMIRAN in 1960, world isoperiodic charts were compiled for
the'i954 - 1959 period. Basic sources for their compilation were
the average yearly values in 90 magnetic observatories. These values
were very asimilar in quality. Continuous, uﬁinterrupted series of
yearly averaée values obtained during tﬁe last years of the five year

period were received only by a very limited number of observatories.
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Quite often these series were broken during the first years and also
experienced were interruptions in absolute values due to the shifting
of obéervatories etc. But the basic difficulty in using these obser-
vatories for the compilation of isoperiodic charts consisted of their
unequal distribution on land surfaces. Approximately 50% of the
-observatories were concentrated‘in Eurasia, while in Africa, Australia
and especially Anarctica, their quantity was negligible.

Even more unfortunate was the case of oceans, for which almost
no data existed at all. Therefore, the 1954 - 1959 period provided
only’a schematic picture of the distribution values of the magnetic
motion (SV). Even this data was a certain forward step compared to

‘what was gathered for earlier periods.

I. Isoperiodic Chart Compilation by the Graphic Method.
1. 1Initial Data

The 1960 - 1965 world isoperiodic charts were compiled in 1966 -
1967. For their compilation,.as original material, yearly average
values of magnetic elements were ﬁtilized [1, 2, 3]. Data conéerning
thié subject were'transmitted,through V. P. Orlov, who acted as a
rebresentative of the ﬁundred year variation commission no. 3, of the
Intefnétional Association of Geomagnetism and Aeronomy. A total of
126 observatories participated and their yearly average wvalues were
utilized.

Theilocation of these magnetic observatories whose data was used

are shown on a schematic chart (Fig. 1 and 1-a). The tables of values
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for average yearly magnetic changes for the 1960 - 65 period are given
in the supplement (supplement 1).

The considerable increase in the quantity of magnetic obser-
vatories, whose yearly average values we placed, made it possible to
obtain a picture of distribution values SV essentially more complete
‘and reliable than for the 1954 - 1959 period. However, even the 1960 -
1965 period data concerning the oceans was inadequate.

The southern band of the Pacific Ocean is an area without much
data: This line extends east of the Hawaiian Islands (Honolulu),
the Samoan Islands (Apia), New Zealand ( Amberly) and continues to
the American continent. There are no'observatories in these regions.

Since value SV, obtained by way of linmear interpolation for such
a distance was considered aneliable, we found it expedient to compile
isoperiodic charts besides the data given by the magnetic observa-
tories. This was done by taking the SV value in the magnetic obser-~
.vations, the spherically harmonious analysis to n = 6 by a selection
'method of the optimal spectrum, described‘in [4] and by its coefficients
made a synthesis calculation of the SV value for a network of points.
| eﬁcompassing all of the Earth's surface. Part of these vélues
(maihiy for oceans) were utilized by us as supplemental material.

In Table 1 are given coefficients obtained with the common éolﬁtion
(x + y + z) for values Sx, .gy and ,(z in the magnetic observatories.

These notations correspond to the permeated coefficients.



Table 1
Analysis coefficients of sample values Jx, {y and {z obtained by

magnetic observations.
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Although the analysis resul;s of the following synthesis was
used, we obtained the SV value for all districts on the Earth's
surface, however this could not be accepted as ébmplétely reliable.
The spherically harmonic analysis conducted with a small number of
unevenly distributed points could give an incorrect, unusable motion
value for distanf‘regions separated from the observation area by
thousands of kilometers.

Presented as additional and supplementai’materials were tables
with,SV values and isoperiodic charts with different countries (U.S.,
Canada, Australia and others). The results of secondary observations
of "Zarya' in its voyages of 1957 - 1958 and 1964 - 1965 in the
Atlantic Ocean were also presented.

Canadian isoperiodic charts [5] encompass all the Dominion
territory with éontiguous parts of the U.S. and oceans. In the com-
pilation of these charts, the data of magnetic observations were
utilized from a large number of secondary'points in Canada and the
United States. Data of magnetic observations in the USSR, Scandinavia.
and Greenland was also utilized. However, this information did not
.coﬁplétely cover the five year period of 1960 - 1965. By secondary
posté,fthe data was limited to 1962.

The values of magnetic observations obtained by us for the full
1960 - 1965 period clearly showed that Canadian isoperiodic charts
give these motion values with certain errors. But for the config-
uration of isoperiodic lines, we partially used these charts:

Australian isoperiodic charts [6] were compiled by magnetic data
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observations and a small number of secondary posts. To a large
extent, they are of a schematic nature. As a rule, data to 1962

was used in their compilation. To a certain extent, theref&re, they
have a prognostic character and do not conform to our data for the
full 5 year peridd.

Data obtained by '"Zarya' is By accuracy (approximately 50 - 100+ )
is considerably less than stationary, permanent magnetic observatories.
Howevef, with an observation interval of 5 and in certain cases, up
to.7 years, averaging several close crossings, it was possible to
judgé the approximate §H and § Z values and estimate that the SV
value of these elements is great and oceanic interpolation is uniform.
We could not regard as reliable, the comparison of values on separate
crossings.» In this case, the determination accuracy of the obser-
vation location was 2 - 3 miles, namely the values of a secondary
post (crossing) could be regarded as ones dispersed up to 5 miles
(and in some cases even more). The difference in values of two
crossings could depend not only on the magnetic motion and accurate
measurements, but could essentially alter due to the anomaly of
-inaccurately coinciding 1ocatiéns. Since these alterations had an
obviously accidental character, averaging out the results in several
neighboring crossings, the error substantially decreased. The main
significance of "Zarya'" data, notwithstanding itsﬂlesser accuracy,
was that they concerned aquatic regions, for which other data was

almost negligible.
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After the compilation by graphical methods of a working varient
of.isoperiodic charts, data from Sputnik "Cosmos 49" were brought
and compared with marine data of "Zarya' and "Vim" and other aero-
magnetic information of '"Magnit'. For Australia, this was compared
with data from satellite "Avangard III" [7].

It cannot be expected that‘every comparison for every separate
location would produce a reliable value motion S'I‘, since the values
of "Cosmos 49" at altitudes of 300 - 400 km were free from local,
and for the most part regional magnetic anomalies which may be ob-
served from the surface. These anomalies entered into the difference
with the satellite observations and could substantially reflect on
the accuracy of the obtainable results. However, even in this case
of averaging results for a series of posts would bring a substantial
decrease in error of an accidental nature. Such averaging occurred,
as a rule with ten-degree trapeziums and showed that the motion value
with an accuracy of 201*, and in some cases even higher, may be
obtained. For vast areas of oceans, where more accurate data concer-
ning motion value is lacking, the use of satellite data is expedient.
. Considerably more reliable Jﬂivalues were obtained with comparison
of data from "Cosmos 49" and Avangard III" over Australia. Data
from both satellites did not alter With\magnetic anomalies and gave
SV values for tension modules ( § T) with.an accuraFy of first
gamma units. Unfortunately, they do not give motion value for other

elements [8].
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As a result of utilizing these supplementary data, it became
apparent that initial materials used for compiling isoperiodic charts
of various elements were not identical. More complete initial mat-
erials were shown by elements S-T and g}x Other elements were less
complete, but in every case the materials were homogenous. As a rule,
they were sufficiently detailed for Europe, but in vafying detrees,
were not sufficiently detailed for other continents and oceans. In
connection with this, it became clear that isoperiodic charts comp-
iled by the graphic method in different regions on the Earth's
surface will have different accuracies. Uniform accuracy can be
achieved only by roughening the iséperiodic chart or leaving out
portions of the SV values in regions secured with initial data.
However, for an improvement, we selected this direction for the sake
of attaining formal homogenty for expedient reasons. Supplemental
materials introduced by us for purpose of utilization in spherical
analysis, as a rule, was not possible, since values gT, {D, {'H for
various posts could not be presented in a vector form (;x, Sy, and {z).
Results of gnalytic calculations by data obtained only from obser-
.vations, giving a general schématic picture of'the'whole Earth, were
given for regions not secured with data and conéisting of less
accuracy. Therefore, in general, charté compiled with a graphic
method should have a higher accuracy than the results of analytic

calculations.

2. Isoperiodic Chart Compilation |

In the capacity of cartographic basics for the compilation of
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isoperiodic charts, Blank maps of the world were used. The mercator
projection on a scale of 1:100,000,000 for the equator and maps of the
northern and southern hemispheres in the Central azimuth prbjection
on a scale of 1:50,000,000 were utilized. The selection of two
~cartographic types was made due to the fact that Mercator projection
blanks remain unchanged near thé Polar regions, while1the zones of
high latitudes are severely distorted. The hemispheric blanks on
the other.hand, have no distortion at high lattitudes while the
equatorial zone is severely altered. Besides that, the equatorial
section is divided into two blank parts.

Corresponding with initial data;&7F for six elements ( 5'D,

gH, {Z, ST, JX and J Y) by data of the magnetic observatories

were imposed on the working blanks (on both projections). With
similar blanks on a Mercator projection from latitudes 80° North to
80° South, 5 X, ,f Y, ; z and §T values were applied, which were
obtained with the analytical method by'way of coefficients given in
Table 1.

Using this data, together with the supplementary material, an
. isoperiodic line was construcfed ﬁor each element independent of each
other by the graphic method. When two lines of the two projections
were in agreement with each other, for iatitudes of 60° North to 60°
South; the Mercator projection was favored, while the central azimuthal
projection was favored from 60° to 90° north and south.

Depending on the completness of the data, their adcuracy and
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gradients, the interval between neighboring isoperiodic lines, 2'
for S’D was selected with unloading in regions near the poles, 107'
for S H with an interval increase to 20‘( in the southern half of the
Atlantic Ocean and adjoining parts of the Indian and Pacific Oceans;
20*{ for § X and 5.Y with a construction of supplementary lines in
a seriés of regions through 10y ; 20‘( for § Z and rT with the
addition of BO'Y isoperiodics in the northern half of the northern
hemisphere.

“The data of "Zarya" and satellite "Cosmos-49" had essential
values for obtaining the SV picture in the Atlantic ocean. However,
in the Indiaﬁ‘Ocean, SV values for elements § Z and S-T were less
conclusive.

These values in the Port-au-France observatory on the Kergelen
island sharply differed from conforming values at the Hermanes,
Mau;itius, and on the Antarctic shores, but corresponded fairly well
with the magnetic observations of Keuper._ Again the insertion of
~data from "Zarya'" allowed acceptance of the "tongue" of high values
extending from the Sond islands to the south-west, different from
tﬁe'values on continents surrounding the Indian Ocean. The most
difficult part to obtain, due to lack of data, was the region of the
southern half of the Pacific Ocean. Here from New Zealand to South
America for several kilometers there are no magnetic observatorieé.
"Zarya" crossed several old voyages of the '""Carnegie' in the Pacific

Ocean.
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By these secondary observations, isoperiodic charts were compiled
by B..M. Matveev, giving a total motion for approximately 50 years.
We had to investigate the possibility of utilizing data of such a
long period for a much shorter time span of 1960 - 1965. For such
an assignment, we constructed the graphics of vectors S'H ;nd é/f for
SV for every 5 years (Fig. 2). 'These were for stations surrounding
the Pacific Ocean (Caééioca, Takson, Honolulu, Apia, Pilar and
Amberly). It was &iscovered that for‘Caccioca, Takson and Honolulu,
during a pefiod of 50 years the SV vector, by diﬁensions as well as
direction were essentially changing. On the contrary, for Pilar,
Amberly and Apia, these factors changed only negligibly. Besides that,
the vector direction agreeably pointed to the Pacific Ocean region
near the tip of South America. This made it possible to form a
deduction that the region of maximal values of J T and (( Z on the
Antarctic shores, stretches into the Pacific Ocean to the west of
South America. The SV values in this region may be somewhat larger
than ones obtained by linear interpolation between the Pilar and
Amberly stations. Furthermore, the results of '"Zarya' and "Carnegie"
for a 50 year perioé in this region may be utilized for a five year
time lapse from 1960 - 1965.

ifhe independently compiled isoperiodic charts of various ele-
mentsiwere subjected to qualitative comparison on the logic of the
reciprocal location of the regions for extreme values. The conse-

quence was found to be quite satisfactory. The quantitative comparison
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was conducted by formulating different calculations:
- 9X = CosDH -HStnD Sin1'6D
8Y = SinD 8H+HCosD Sin13D

0T = Mo+ 2402
The results established that principie SV situations for J.X,

S Y and §T by charts ckompleted independently of each other and by
the calculated values were identical. Quantitative divergence,
exact as a rule for oceans more than continents, but as a whole
they lie within the limits of accuracy. This does not exceed, even
in separate locations 20‘{ ,» while averaging consists of only
gamma units. |

Satisfied that a sufficient correspondence of isoperiodic charts
of various elements‘by J’H and J‘Z values was obtained, we utiiized
the differential formula 61:15@2%%%%%%9%fln "and calculated value
I for a network of pointsuthrouéh looﬂﬁzth Y and X and compiled
isoperiodic maps { I with these values.

The accuracy evaluation of these isoperiodic maps presents
substantial difficulty. First of all, the Earth's surface is quite
large, with non-uniform data and therefore, for every element of
vérious regions, it is different. Secondly, there are no strict
evalﬁation methods for regions in‘which no SV data is available.

The correspondence of various element values is only an individual
indication and allows evaluating accurately only to a certain degfee‘
of probability. Obviously, even in regions of extreme SV values,
located in oceans, an error exceeding 20‘( in yearly dimension
changes is not probable, although in isolated cases, it is possible.

. These same errors are possible where the linear interpolation was
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made in regions of large SV gradients.

These are areas of the southern half of the Indian and Atlantic
Oceans, where SV gradients are large and the southern half 6f the
Pacific Ocean, where the gradients are not so large, but the distances
between magnetic observatories are great.

The final results of the graphic method utilization for presenting
magnetic motion variations on the Earth's surface are given in iso-
periodic maps of average annual changes of the magnetic field for
seven elements: JD, SI, {H, [Z, d’X, (Y, and (T (Fig. 3 - 9)
and tables of average annual changes for network of points through 100
with § and X (supplement Py.

Isoperiods for each element are given, presented by their maps:
in the Mercator projection between 70° north and south, in the central
‘azimuthal projection, North and South polar caps in between 400 to
90°.

In comparihg the SV in five year periods of 1955 - 1960 and
1960 - 1965 the main features remained similar. However, in a number
of regions the SV.values noticeably changed.

The basic principle of tﬁe entire magnetic variation is mani-~
fested in a general decrease of the magnetic field tension in the whole
world. This field decrease does not oecur identically over the Earth's
surface. With a significant decrease in tension in the southern
hemisphere, there is an increase of growth in the northern hemisphefe.

However, a decrease to 140 - 150Y in the south causes.onl a growth
y



- 14 -

of 40 Y a year in the north. Qualitatively, this SV factor corre-
sponds to a decrease in the Earth's magnetic movement as a whole and
at the same time to the replacement of the eccentric dipole.to the
north. Besides the change of SV values in the extreme zones,
complica£ing the matter is a number of regions on all maps of all
elements is seen a tendency to replace the isoperiodié lines to the
west. There is a definite western drift in connection with the iso-
periodic maps of the preceeding five year period. We note here an
important'change.

"1. Maximum S Z and 5 T observed during a 5 year period in the
Caspian Sea region gradually diminished, beginning in the 1935 - 40
period and mixing to the north, smoothened out completely. At the
present time, a weak maximum of J'Z and SQT (+40 - +45 ) is observed
only in the Antarctic region. —

2. The £~Z and S-T decrease in the Atlantic Ocean with a center
of 10° - 20° latitude became more actiVé: S- Z instead of 100'7 a
year reached 150 Y s é-T instead of 70 Y}reaches 100 1 .

3. &.Z and-S.T values decreased in the Indian Ocean, in thé
vicinity of Keréelen Island. ’

4, S.X value increased in the northern half of the Atlantic
Ocean.

5. Zero isoperiods 5'Y and &7x in Eurasia were displaced appro-
ximately 10° to the West. Corresponding with this, the positive
values J-D practically for all European ferritory and céntiguous

parts of theAtlantic Ocean experiencéd a decrease.
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6. Due to SV, a rapid displacement of magnetic poles is
obsérved, with the northern one going north and the southern one in
a northwest direction. Evidently, during the latter years,'the south
magnetic pole will change from the Antarctic continent into the
Indian Ocean.

In general, the picture of magnetic.motion of thé Earth during
the 1960 - 1965 period becomes more complex. However, this complexity
may be explained by the fact that more SV data for this period was
available; the data was also more accurate than before.

" These isoperiodic maps and tables of yearly changes are recom-
mended for prac£ica1 utilization with the presentation of magnetic
observation results of various years during the 1960 - 1965 period.
This also applies to the re-compilation of mégnetic maps (ﬁorld-wide}
or taking in large areas of the world's surface) for the new period.
However, it should be noted that these isoperiodic maps, compiled
independently for each element do not appear as potentially agreeable
to the first gamma units. The non-conformance between isoperiodic
maps of separate elements remained undecreased.

We did not consider its’femoval as expedient, since with this
method, the use of additional material would be precluded, and only
the data of magnetic observations coula be used. This would also change.
ﬁhe true picture of the matter, if corrections were made for the

conformance among elements.
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Analytical SV Presentation
An incomplete potential agreement of isoperiodic maps of wvarious
elements compiled by graphic method, limited their use with'analytical
calculations. Therefore, we considered expedient with.cfx, ;AY and
6’2 values, taken from isoperiodic maps of these elements and comp-
iled by the graphic method to conduct a spherically hérmonic analysis.
Then to obtain the coefficients of decomposition and to perform a
synthesis with these coefficients, the values of fo, J’Y and 5,2
and { T.
' The analysis was performed in two variants of n = m = 6 with
S X, { Y and { Z values taken from the "graphic" isoperiodic maps.
In the first wvariant, the { X, (f Y and 5' Z values were taken for 105
éoints and the analysis with SV values of 3 elements was conducted
at the same time. In the second variant, values were taken in 282
points for every element: the coefficient values for every element
were obtained separately and then an average was made. The coefficient
values in both variants were obtained close to one another, however,
the divergence of. the synthesized values from the initial is'somewhat
lower for the first one and therefore, we selected it for utilization.
The -(x + y + 2z) coefficients obtained by analysis are shown in
Table 3. \
The XX, {Y, fZ and (T values were synthesized by these
coefficients for a network of points through 10° with ¥ and X.
With such a thick and correct network of points, the cémpilation of

maps was not difficult. We made this and the maps (graph-analytical

ones) are presented in Fig. 10 - 13.
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Table 3

nm - dgy ohy . n,m age dhy

I,0.. I8,6° “.. = < . 50 0,8 -
LI 0 K7 T=1I,2 05,1 0,0 - 0,4
©2,0 =251 ¢ - 52 7 LT 2,0
2’1 B O,I . "IO,Z’ ’. 5’3 - 0’5 -1’4
2,2 0 = I,2 Vi eT4,5 Sy4 = I,I 0,3

3,0 . 0,8 - 5,5 =0,27" ~0,5
C 3,0 =8,9 i I 16,0 =0,5 .
32 - 0,0 oI G O 15 ¢ 0,7 -  =0,6
3,3 = 1,7 =49 il 652 120,77 L. 0,1

4,0 = 0,2 - 643 S I,5 1,2
o 4,I-'_" 0,3 I,7 6,4 . 0,0 ~ 0,6
4,2 0 = 2,3 0,6 6,5 0,0 0,5
437 = 0,00 - 2,2 6,6. - 0,4 .~-0,6
. 4.‘5 - 103 | - 293’ |

"It is quite evident that these maps cannot be identical with the
graphic presentation. The basic features of SV value distribution
was reflected in maps of both types. All maximums and minimums were
preserved and the larger gradients were prefixed to the same regions.
Also evident is the general decrease ofsérT, if the Earth is examined
as a whole. However, the degree of isoline smoothening is essentially
different and the value focuséd in maximal changes are somewhat
different. These divergences are explained by the very procedure of
map)compilation. The smoothing degfée\in grabhic maps chaﬁges in.
relationship to the available data, while graph-analytical maps are
homogenous within the entire Earth and their smoothening is determined

by a series of lengths, set in their origin (n =m = 6).
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The comparison of the maps showed that the average declination

of two types of maps (without calculation of value) is

A~6X=A5Y,=A§Z =+ 8y . The qualitative divergence, with the
calcﬁlation of values between the two maps é-T averages out to 2Y
surface. In separate regions, the divergence reaches 20y and in
cases in south-eastern Africa, reached even 30Y . The reason for
such divergence in this region is clear: very large SV gradients in
this area of Kergelen isiand on relatively small distances cénnot be
‘transmitted by the.six harmonies. To take a large number of harmo-
ﬁiésfiead to an insufficient accuracy of the maps, compiled with
+limited initial data was not justified at this time.

In relation to the SV correspondence, observed on the Earth's
surfaée, the SV picture presented in graph-analytical maps, evidently
does not have preference in comparison with the SV picture in graphic --:
maps. Inversely, in»magnefic obse#vation regions and well exposed
areas (Europe and contiguous to it,iparts of Asia, South Africa and
others) it is clearly worse. Its preference is contained in the system
of coefficients which may be utilized with computing calculations.

To demonstrate the extenf that the coefficient values depend on
the arbitfary approach of the authors, we give for comparison, a
table of coefficients derived with a sefies of analyses (Table 4).

In this table are given 3 coefficient variants obtained with
analysis by the authors in this work and coefficients by the analysis

of Leaton and Cain [10, 11].

Analysis to n = m = 6 by S’X, J'Y and J—Z values taken by
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uniform network coordinates in 105 points (analysis by 315 values)
the solution is common. The coefficients of the analysis are given
in Table 3. These tables are recommended for use as giving', with
a potential agreement of SV value, somewhat closer to the SV of
graphic maps.

2., Analysis ton =m = 6 by JX, {Y and d’Z velues, taken by
a uniform network of coordinates in 282 points for every element. Tﬁe
coefficients of this analysis are obteined separately for each element
and then an average is made.

"3. Analysis ton =m = 6 by sample SV values in the magnetic
observations, performed by a "spectrum selection' method with a common
solution (x + y + z). |

4, The coefficients to n = m = 6 by the analysis of Leaton,
Malin, and Evans [10] calculated by SV values in 113 magnetic obser-
vations by three subsequent approximations. At the time of execution
of this work, the SV values for the 1964 - 1965 period were not
known. Therefore, the obtained results are to a.certain degree,
prognostic in natﬁre. |

5. SV coefficients to n=m=6 by the Cain analysis. The SV
analysis waé conducted jointly with the magnetic field (analysis) by
observation data since 1900. For the SV calculation by Cain was
(conditiqnallj) taken into'coneideration that SV changes are approx-
imations of the formula of'second‘brder.

This assumption is evidently satisfactory, in general, for the

e
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whole period of magnetic field in a 65 year period. This lead to
significant SV divergence for the 1960 - 1965 period with the SV
values in solid observations. |

-To clearly indicate the size and regions of divergence, we give
two sets of mapsAXX, A{Y and‘AS'Z.

In the first (Fig. 14 - 16) by the isoline systems are shown the
difference between SV graphic maps and graph-analytic of the first
variant, presumed by us to be the basic ones.

In the second (Fig. 17 - 19) are shown the regions and sizes of
extreme divergence of SV values synthesized by the coefficients of
4 of 5 (2 - 5) indicated analyses with the compiled SV maps by
graphic methods. 1In these maps, the regions are limited by the
isolines, where divergence with graphic maps exceeds 20 Y . Inside
these contours are shown regions of maximal divergences limited by
lines with divergence values in multiples of 10 Y . By these maps
it is clearly séen that, as a rule, larger divergences are situated

in oceans and by g.Y in South America, where high accuracy data is

very limited.

Basic SV Characteristics
Tﬁe data obtained from the analysis of isoperiodic maps, the
analytical SV presentation allowed to calculate certain parameters
of interest for the study of geomagnetism a) displacement to the
north of the geomagnetic dipole, b) westward drift of the non-dipole

field, c¢) change due to time of the magnetic moment of the Earth's

dipole.
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The calculation of these characteristics was made by the coeffi-
cients é‘z,q:' .S'ﬁ ':\‘ presented in table 3 and coefficients
of the analysis completed by Tyurmin and Cherevko in the order of
preparation model of international analytical geomagnetic pole [12]
(a) The displacement rate may be calculated by a formula,
presented in the work of Nagata [13]. This rate is dérived from the
expression represénting the potential change on the Earth's surface,
provided that the dipole that created it is diéplaced along its axis
to the north. On the other hand, the potential'change corresponds
to the coefficient change 3.2( {3 ‘; ) » since this coefficient
determines the basic pole. Then, inserting all members with R,
representing the potential in degree ) 2, we obtain:
. L —
DR e e - 1.
In this case, with J'gcz’ = -251 X /year and gl = -30391\( for

the 1960 - 1965 period, we obtain V = -2.6 km/year, which is close
to the one in [13] for the 1955 - 62 period.
(b) For the calculation of drift rate of an non-dipolic field,

expressions presented in [14] were utilized:

v,’.“.='-',—§-3f,3 S ) R . ! (I“)_
o T
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In the table, which was partially taken from [15], are presented the

harmonic rates obtained as averages from the values by formulas

(1 -4).
Table 5
" n: : : S oz . . . .
s.noxa . 2 2 3 ] 3 o 3 . L" ‘o 4 . 4 . l{-
m* I :« 2 ¢ I ¢ 2 ¢ 3 ¢ I ¢ 2 ¢ 3 ¢ 4

I, 1955-60 ~0,26.=0,32 =0,35 ~ 40,08 -0,I14 =-0,I9 =0,I0 =0,I7 -0,I4
2, 1960  =0,20 =0,32 =0,IL = 40,07 =0,20° =0,I3 = =0,I2 =0,I5 =0,I7
'3, 195459 =0,I9 =0,2I =0,20 =0,05 =0,I2 +0,I0' =0,08 =0,07 =0,07
4, 1965  =0,16 =0,33 =0,I4 40,04 =0,I8 =0,I9 =0,09 =0,I3 0,I6-

5, 1960-65 =0,II =0,17 ~0,46 _ 40,02 =0,I4 40,04 =008 =0,09 =0,07
g Op. (1)=(5)=0,18 ~0,27 ~0,25 ~~ +0,03 =0,I5' -0,06  =0,09 =0,I0 -0,I2

)
2
(3)
)
(5)

By data of T. Nagata and Yukutake.
J. Cain and chefs

Adam, Ben'kova

Leaton and Evans

by authors' analysis in the given experiment.

As seen from this table, the larger values have rates for the

first three harmonies: 2 - 1, 2 - 2, 3 - 1, the stable easterly drift

has a 3 - 2 harmonic. In general, the rate amount decreases with the

growth of the order. The average value by the presented analysis

for all harmonies for the 1960 - 65 period is equal to 0.13°/year,

less than anticipated earlier, in that number is [15].

(¢) The decrease of the magnetic moment of the Earth's dipole
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was obtained by differentiating with the known time of the expression:

Mo VGG

The decrease of the field on the Earth's surface, determined by

the decrease in Mor AM _1 was equal - 19‘Y/year,,while
At RS

decrease AAh;l 4, 9 1022 OES@ /POZ';:]

continues to diminish.

(d) The displacement of the geo-magnetic pole was obtained in
. R 0 . [/]
time from known relationships: xa =l t e=v==3ﬁaﬁﬁﬂ
A fgdo=gs - H 19O IgEmE

differentiated by time and the configuration of the corresponding

coefficients:

received - .06° year A\ @ = .02/year
At At

direction of displacement--north-western.
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Supplement 1.

Tables of magnetic element values of the stations.utilized with the
completion of world isoperiodic charts for 1960 - 1965.
No. Station Per.
Name
.:f;"n: gggg‘f’é’éﬁomm mepior ¢ ¥ , A , 8D : &1 :3§ 3 82 83X : 3y : 87
i1 2 : 3 3 4 05 : 06 -3 9.3 8 i 9 : 10 : TII : 12
1. Azepr 1962-64 8245 C* 297%5B+ 06~ +0I.0 =ISf 426  +4f +I6f 424
2. Xemca 1960-63 = 80°37' 58203+ 02.- +00.8 -9 446 =10 =2  +hk
5. ommcxum  1960-65 7743 I04I7 - 20~ =002 +6 442 413 -I6  +40
4, Tyne I90-63 76 32 291 06 + I0.~ +08.0 =-I0  +39 +9  +I3 +38
5. doyam Bolt - I962-64 - 76,2 24046 = I8.= =00.6 +I0. O = +I6 +4 0
6. Pesouswr Fes I960-64 . 74 41 . 265 05 +1°10.2 +00.6 ~-IO +23 +12  +I2 +29
7. Hemsewun  I960~65. 7430 1900+ 023 0 +5 431 +5 +6 ° - +32
8. ° iuxcor 1960-65 - 7333 8034~ 08.7 0 +3 26  4II =12 430
9.  Tuxen I90-64 7035 12900~ 02.7 =02.0 +435- 414 .. +32 =I5 +19
I0. bappoy  1960-65 7118 203 I5 - 02.0 -OI.I. 426 . ~I6 128 +1 +I4
II. Tpowce  I960-65 - 6940 T I8 57+ OLO -00.4 +II 423 . +II 44 427
I2. '.I‘oztv.:nm 1960-63 ‘69 I4 30629 + 07.8 =00.2  + 7 +36 . . +I6 +6 +37
-IS.. ¥ p::anc;c 1960-64 68 15° 3305+ 00.I +00.2 +2 ° 427 T+ 2 +1 +26
Io,  Comhan? 196064 16722 2639+ OLA -00.6 415 422 414  +6 425
I5. Yonen 1960-65 -° 66 10 I90 I0 = OI.7 =O0I.4 +25  +3 425 0 +9
I6. Komnenx  'I960-65 < 6452 - 212 10 = Q2.9 ~OL4. 420 . =9 ° 2 41 -4
" I7.- Beiixep Jsik I960-64 . . 64 I8 - 263 55 + 05,5 -0I.6 427 -2 . 429  +8 +1I
i8.  PeiikBABME  I960-65 - 64 II © 338 I8 + 05.2 -0I.5 429 425 434 "+ 5 +31
I9. CpemmensH . (960-64 6226 IS2 19 +.00.5 ~0I.6 -+27 . =2 . 427 =3 . +6
20, Jox6oc 196064 / 6205 ¢ 09 06 + 03.6 -00.9 420 . 422 +. +2I  +I3 . +26
‘2. HkyTe (960-65 62 01 129 43 = 00.7 =02,0 43I ~=I3 . 432 =16 .- 4
22. Hypun~ApBM  [960-65 ° 60 30 . 24 39 4+ OL3 =00.5 +I4 420 s 414 47 a2
25,  Jepymx I960-63 - 60 08 ' 358 49 +.05.0 -0I.3 424 . +I8 : 427 +I6 . _‘#24
24, (ggggggggz)z - 1960-65 © 59 57 30 42 + OL3 -00.4 +I4 +23 ‘;.+13' e 7v 426
25, lomé - T960-53 . 592  I750 4+ 02.9 =00.5 +I6 - 424 . +I6 +I2 - 428
2. Curxa 196065 57 Oh. 224 40 = -03.3 =0L.4 - 418 ~ ~I9 '~ 423 =4 . -I3
27, GBepmioBCK . 1960-65 - 56 4% - 61 Ob = OI.9 ~00.5 414 - +I6 416 =5  +I9
{BHc JLyGpasa) . o S N :
28, Pyne-Gxom I960-65 5551 - 1227+ 035 =007 418 - 419 418 417 +24
29. HasaHs ' o 00,7 = : : - ’
o, D em w1 o dns ame o ee
(Kpachan llaxpa S e Ca : :
51, . BcKuSiiNBMBOD 196063 55 I2 - 356 48 + 05.4 430 I 436 420 +24
j 3¢ Hmyx 1960-65 . 54 37 . 246 40 - 03.6 -O0I.9 429 =20 ' 432 =1 -I3
33,  Muncx I961~65 ' . S4 3U-.° 27 53 + 00,8 =00,2 +II . +20 +II +6 +22.
(liemeHnua) : ST ) : - .
" 54, Bumree 1960-65 "53 45 .. 09 Uk + OheI =0I.0. '+20 . +I5 L, o’ w20 ) ‘+22
5. BEITEROH 196065 , ~5249-. 0640+ Ohud ~0LO 422 . 415, 423 +22 422
i: &’égﬁ%ﬁ,. 1%60-65 5210 Ik 2T Q9 0LE 42k Cos s B R
‘ 1960-63 | 5207 '* 2L I5+ 02,6 =00.3 +I3 - 420 I3 T+l +24
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Station

Name Period

We Hassande . mepwox , Y, A , 8D , &1 , BH , &2 , &X 89 5T
n/n _: oGcepsaToput’ : : : : : : : : :

I 2 ;3 3 A s 5 : 6 : T & 8 ' 9 s I0 ¢ II : I2
38, Hmer  I960-65 52 O 12 40 + 03,6 =007 +I8 . +I8  +I9 419 424
39, Bamemoun I960-65  5I 56 349 45 4 06,1 =02.3 +38  +8 .  +4b4 +23 122
40,  AGuuZxEp I960-64 ~ SI II 359 37 +05.9 -02.0 +33 - +8 38 426 +20
41, Kues 1960-64 50 43 3018 +0I.4 0 .+II 425 410~ 48 +26
42, - Ilypo 1960-65 50 06 - 436 + 04,9 -0L.3 +26  +I3 428 . 425 +23 .
43, Opyrommme  I960-64 4959 T4 33 4 03.7 ~00.3 +I5 423 +16 #2428
44,  IsB0B . I960-65 4954 . 23 45 4 0I.8 ~00.6 - +I5  +I4 " +Is . 4II +19
45, . BAKTOPER I960-64 48 3I - 236 35 - 02,9 ~0I.9 +22 =3I +27 -6 -2
46, Bena-HoGempm I960-65 48 16 I6 19 + 03.2 -00.6 +17 +18 - . .+I7 +19 - #23
o Ridhok  190-65 . 4810  III7 +0k2-00.8 420  +I6 . 420 425 423
B . JENoON-EE=.  1os0-65 . 48 OI L 0216 4053007 . 429 +7 433 +28 +19
49, - Typamomo - I960-64 47 Sk 18 12 £03.1-00.5 +I9 . +22°  +I9  4I9 +28
50, PeremcGepr =~ I90-63 .. 47 29 g 08 27 + 04.8 -0I.2  +26 . +I4._ +27 +27 +23
51, D.Coxemmmox' 1960-65 4657 .. I42 43 +00.3 -02.1 -#I8 =3I 418 -1 =8 -
52. ' Tuxsm, - - I960-64% 46 54  _ I7 54 +03.2 -00.3  +I6 -  +22 +17 +20 +28
53. Ogmecca .  I960-65 4647 . 3053 +00.7 0 +10  +2I . +I0 +5 43
S4, Cypaaps 196065 44 4T .. 26 I5 + 02.I =00,2° - +I0 +25 ©  +I0 +I5 +31
55.. Tpomxa 1960-65. - 44 38 .. _ 20 46 +02.6 -00.I° +I¢ 422, T4 #1742 .
56e, Nowaudermy — I960-63 - 4355 - I4k 12 +00.3-0LI +9 _ =24 - +I2 41 =I5
57, Axemkopr  I960-64 ~ 43 47 ' 280 44 = 02,0 ~04,0 46 L--=30 . 459  =I7 : I3
58, - Bnazmnocrox 1960-’6# 43 417 ¢ 132 10 .= 00.2 -0I.3 “416 woIb L 415. L =& -4

PHOTAEXHAR) . o o - L :

59, ﬁnua-ua © '1963-65 M43 I5. 7655 = =0l.2 20 .0 . 418 . 49
60, [Damarmpume - I960-65 - 42 30. - 2410 40L.9 +00.I +I6 - 428 . +I5 414 432
6I. .. XorpoEs0 - I960-65 ' . 42 27 .. 359 04 - #06.2 =026 438 =& . 43 T 437 +I7
62. Cam=-BurTo=. - L S S '
‘ "pHHO ©I960-64 .7 4224 I3 I9 4 04,1 -00.5 . 421 422 - 422 . 428 430
63, 1‘%%% (1960-65 - 4205 7. 44 42"~ 0I.2 =00.T #II. 4 So4Il =7 +I8
64 - f'gggggﬁaaap) 1960-65 - 41.20';_; - 69'37 =OL3-0L0 +I8 . +2 T 4I9°° =8 7 4II
65,  Haugunu -T960-63.. 4T O4 . 29 04 +00.8 400.I 410 423 - +7 .+ 7 +26
66, Toprosa ' - I960-65 .. 4049 :- 03I +06.2 . 43 . 439 440
67, Komubpa . I960-65 40 I3 " 351 35 + 06,5 -03.4 . #4I.  -I6 SoeE9 T 438 410
68. Tomemo - . 960-65 ;".y-.,‘ss, 53 ‘71\355 57 4066 ~03.1 #4I . ~II ° IR SR
6. ST I960-65 , 3812 28238 - 042-0n9 465 =58 1 462 - | o3I 32
20, - Can~Hnrexs 1960-64 - 3746 --»T]334 21 +07.8-06.8. 473 =54 jﬁ 486 . . 435 - =6
71, 1960-65 3757 ' 5806 = OI7 =016 +I¥ _ +3- . 415 ‘=I2 - 49

Ba nonc:ﬁﬂ . oo . : .

72, . lmuops.  I960-65 | 3651 35733 4 0646 =03.0 0 < =9 .

73, Can-GopmeE- -’ g RS e i ‘
%0 . 196065 - 3628 - - 353 48+ 07.9 Wb T es2 - 453

‘T4, Bawioka . I960-G4 . 36 I6 - T4O I +00.I-0L7 - 413 =26 +7 .70 - - T4
75, CuMooaTo' ~  1960-65 - 3335 . I35 56 ~.00,3~01.8" #II' =25 - +II .4 =9
6. TORCOH . I960-65. 3215 . -249I0 “OL9 ~OLI ‘=6 <4 =3 < ~I6 -

#S ek . 17
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No. Station Period
Name
oo, Hadsanie Meproz : ¥ ¢ A : B8 s &I : &H : 82 , 8X: &Y 5T
n/n_ odcepsaTopuit ’
HIH 2 3 3 A4 s S5 3 6 3 7 2 8 5 9 3 I0 : II 12
77, Kauos 1960-63 3125 13053 00,8 ~0I.6 +I4 =26 4 9 =9 =9
78, Kverra 1960-62 30 II 66 57 ~O0L3' = . +'22 - L 422 =T4
99,  ixcoaxaz 1960-65 2931 3054 +0I.3 400.I +20° +2I +20 +I2 429
g0.. Cauze Kpys I960-65 2828 . 34345 +07.8 =08.2 _+58. =70 +7 *52 - &
g1, Ua-nma 1960-63 2221 10350 -00.3 =0I.3 ~ + & -I? +4 =9 =5
g2, Towomyzy 1960-65 21 I8 - 20I 54 +00.I K ~00.2 ' -12 ~I3, =~I2 = 2 =17
g3, Teomowxar I960-65 I 45 260 49 =03.8 =00.4 m 37 =47 -3 -39 - -59
g4, Aumdar | I9%0-64 1838 . 7252 ~01.0 =02.4 432 ~I8 +32 - 9  e22
g5, Cau-Xyeg _I960-65 * I8 23 - 293 53 ~06.5 =07.4 4 7 = I42 - I =52 -I06
s6. WIyp 1960-65 T4 26 343 02 +07.5 -I2.6° +1I9 = T2I €35 +52 =-16
87, MNyarmunyna I960-64 14 22 121 0T ~02.2 -~0L.8 - + 20 - I6- + 20 =22 + IS
“¢8., Tyau 1960-65 1327  I44 45 400.7- =03.8 +I0 - 39 +10 + 7 4+ 2
80 » g 1960-65  IL 26 79 AL +00.3 + 17 +17 ¢ 3
96. Kozaftkagan . ' 196064 10 I4 7728 -00.8 =03.2 + 8 - 37 + 7 =5 + 5
.91, Amic-Adeda - I959-64 902 3846 -03.8 ~-00.2 - +19° = 3 . +I9 =39 +1I8
'92, TpHBANAPYM . ' I960-65 = 829 7657 4003 =02.6 410 .-30. + 9 + 3 410
93, [fapauspuG0 ' .. I90-65 . 548 304 47 -07.7 ~I0.4 ~ =27 ~I39 . =4I =58 =97
9%, . QyKSH® - - I960-65 528 286 I6 -07.6 . ~02.5 =56 =67 =55 =67 =84
95. . Banrk - 196062 - 426 I8 3% 403.6 ~04.0. +10 =40 . +I4 +32  +20
.9, Mowa ... I9%0-65 . 321 B840 4043 =046 + 2 =43 ' + 8 +38 +I5
97, Taryora ~ , 1960-65 I I2'D 3II 29 =074 ~I53 ' =35 =I48 . =SI =50 - =75
98.  JNsmupo T I960-65 - 2.2 .. 2B.8 4035 ~03.7. =1L =36" = 9 +3I ¢ 8
99, Tonnswgua ..' I960-62 - 235  T403I # 0.8 ~02.5 - =39 T+I2  +18
100, Keftnep 1960-62 - 6 02 106 4k =024 ~0I.8 . #16 =40 " +I5 =I5  #32
101, Iyamas . I960-64 855 . - I3I0 +03.0 ~07.2 =34 -52 =38 +29 +'3
102. Hopcd © I960-65 - 9 2% . I47 09 +0L.3 -03.0 =3‘ ~I9 =33 =20 +I4 ¢ 2
103, Ama ‘. I960-65 1348 . 188 I4 402,2 400.3. =10 +I10 - =I5 +I9 - -TI4
I04, Tapauepuss . - I960-65 . I855 4732 =06.2 ~00.2 =19 +2% =26 - =32 =32
105. Maspuxan I1960-63- 2005 © 5733 ~045 ~0L3 =16, + 2 =24 "= =I2
106, . Ma-Ksmwa . I96I-65 22 06 . 29425 ~09.6. ~00,9 - =62 + 9 ' 6Ll ~68 =62
107, Bacopas  I960-65. ‘22 24 - 316 2L =09,3 =I2.7 [ ~59° =73 ~W =4I =25°
I08. Tussraps '  I960-65  30-19 II553 400.4 ~00.6 - =II = 3 ~I0- +3 = I
109." Muzap " I960-65. 3L 40 296 07 ~08.5 ~0L.9 =62 +1I7 “60, =59 =63
I10. Xspuanuo - 1960-65 34 25 . I9I4 ~0L.3--02.5° =70 ° 0100". ‘=86 %25, " ~I2I
IIl. Tyzeurk I960-65 - 3732 . I4528 403, ~0L0 =23 ¢ 3 =26 +16. =Id
1 IX2. - Audepau . 1980-65 43 10- . 172 43 +#05.2 “00,2 16 . €3 =27 426 =37
III3. Tpeuso I960-64 43 I4 ::_' 204 42 -=06,5 =023 =77 +38 1. =T 54 . =84
Il4, Qopr-o-dpasce  1960-63 49 21 - 7015 ~I3.2 ~0L2 . = 4 = 4 0 =57 =45 . w4
TIS. Uaxkyope ~ I96U-65-. 54 30+ IS8 57 100 =007 =20 38 =37 425 w8k
116. jpremrumckie e o LT .~
oozposa . I960-64 6515 < 295 I4 =07 =00.7 . ‘=37 | #109. =33 -T=20 ' =97
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Supplement II.
Table of

on (g])) for the 1960 - 1965 period.

Average annual changes of magnetic declinati
(min/year)

e .
N: ® & D:2D 10 10350 360 3N T80 1 90 :00 0 $120 s 30 :I40 ;150 sI60 ¢IM3 10 $ TN 1200 3210 § 22093 20 5 240 $1250 $26005 270 280220 3 X0 3310 3320 : 310 : 340 ;.30

- . - Y

v

&0 35 30 25 25 2.0 00 =80 ! » :
. 50 20 LO LG8 0.0 -20 -8.0 = 8.0 =10.0 =90 =%0 =55 =40 w30 =15 L5 «15 ~L5 =20 =20 ~4,0 ~80 - -2 <80 20 5 = 5 9.0 80 7.0 6.5 6.0 5.0

20 L0 08 =00 =20 =35 =50 =55 ~50 « 55 w20 -5 0.0 0.0 00 00 00 <05 -10 =20 =30 -50 -50 -30 20 &0 -

100 «J6.0 =240 =25.0 ~24.0 -m.o_-!s.o 10,0 =100 =I2,0 =I5,0 ~I5.0 =20,0 0.0 25 X, R -0 -0 0 b3 b 3 90 175 6.5 6.0 53,0 5.0
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netagive values--east declination diminishes; west grows
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Isoperiodic Chart I for the 1960 - 1965 Period (min/yr) .
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Isoperiodic Chart H for the 1960 - 1965 Period (X/year).
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Isoperiodic Chart X for the 1960 - 1965 Period (7/year).
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Isoperiodic Chart Y for the 1960 - 1965 Period (Z//year).
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Isoperiodic Chart T for the 1960 - 1965 Period (T/year).
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Isoperiodic Chart X for the 1960 - 1965 Period (’X/yx_‘).

0 N
= e N / \ A 7 —f 2
$ s A \ "\ \ \\

DM\ ;M\,/ / // // —f NMNWWI o m__
S N L NN P 7 r
%ﬂw/(w. // \ It 7 7 A3
B AN ...,a/ X ) \QHI/ \\ \ww
O X e | [N WA TN 2 )
I DANAY NN YR ANANy st i)
= T S N3N W s
N YA SN Y [ A L=,
: > NNTRAlesll | ST
R~ \ ViBssls | 11
P N L T
3 : Jo) z ~.— e
I S = A AV AN AN )
R - 7 4\ \_, I3
.MN /ronu‘\\m\/ / \\\ \ /c/,\\wwao
I N SN 1770 )
* AN Va Vi vy \F \\\ 2
L2 A N A T XA
| vﬁ%&ﬁﬁ%&i BN W 4
& n/.r.\\ \ > al\ 4 o // / ZJ‘.
YR A Z NN ,/ )
St N = AN s
. www P B % T S ONN NN
NIVAL 2NN THHTTT A NN NN

3 \MM.\\ \(Wﬁ\\/z 4! LSNR\ B ~ // /r/:‘/ W
A s NS
N N R
T TR
T L A S e S £ 1
LA\ ST S emls TR
e NS MO e 7 A
8 " /) AN .r.\.\. ® N/
X =% AU
BN N 7
% - \M\ ,MW\~ AN A T
LR a7 AN N WA
m\,w VLo L N, VN
LRy N ERNEN \ N
Y : [ T . Sy i /. &
g ! \ S - / . ‘ >~ , //r

.,w% f Ky % ./ N ?

H : \ N
Jr\w U 3 \ AY ) N 8
mn Lrvw 3 g .8 /m /o m F 2 w_ 3 . m@m




o= = =~ zero values
~— mnegative values

~~ = — positive values

Northern Hemisphere Fig. 10

Southern Hemisphere

§X (Graph-analytic Method)
y

-95'-.



Isoperiodic Chart Y for the 1960 - 1965 Period (‘a//yr).
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Isoperiodic Chart Z and § H Vectors for the 1960 - 1965 Period.
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Isoperiodic Charts T for the 1960 - 1965 Period.
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Differences between SV values of graphic charts and synthesized
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values with coefficient analysis 2, 3, 4, 5 of Table 4.
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